Abstract.-The s e l f -i n t e r s t i t i a l i n bcc M o i s expected t o have t h e <110> dumbbell configuration. These dumbbells should t h e r e f o r e be able t o reo r i e n t and e-rentually migrate simultaneously s i m i l a r t o < 100> dumbbells i n t h e fcc-metals. Because of t h e l a r g e shape parameters 6 A of t h e s e l fi n t e r s t i t i a l i n M o as determined from Huang-scattering experiments, they should give r i s e t o a l a r g e a n e l a s t i c r e l a x a t i o n process. The i d e n t i f i c at i o n of t h i s process was the main aim of t h e present work.
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Abstract.-The s e l f -i n t e r s t i t i a l i n bcc M o i s expected t o have t h e <110> dumbbell configuration. These dumbbells should t h e r e f o r e be able t o reo r i e n t and e-rentually migrate simultaneously s i m i l a r t o < 100> dumbbells i n t h e fcc-metals. Because of t h e l a r g e shape parameters 6 A of t h e s e l fi n t e r s t i t i a l i n M o as determined from Huang-scattering experiments, they should give r i s e t o a l a r g e a n e l a s t i c r e l a x a t i o n process. The i d e n t i f i c at i o n of t h i s process was the main aim of t h e present work.
A r e l a x a t i o n process with the expected p r o p e r t i e s has however not been found a f t e r low temperature e l e c t r o n i r r a d i a t i o n . I t i s concluded t h a t t h e s e l f -i n t e r s t i t i a l s i n M o undergo a two dimensional migration without r e o r i e n t a t ion.
Introduction.-The mechanical r e l a x a t i o n spectrum of M o i r r a d i a t e d with f a s t neut r o n s shows two dominant peaks a t 8K and 2 6~ a t 2 min r e l a x a t i o n time, which were a t t r i b u t e d t o t h e r o t a t i o n without migration of t h e <110> dumbbell s e l f -i n t e r s t it i a l and of t h e d i i n t e r s t i t i a l , r e s p e c t i v e l y / I / . No r e l a x a t i o n process i n d i c a t i n g t h e simultaneous migration and r e o r i e n t a t i o n of a dumbbell l i k e t h a t of t h e <loo> dumbbell i n e l e c t r o n i r r a d i a t e d Al 121 could be detected. The shape parameter 1 (A1-X2) and ( F ( A + A )-A ) deduced f o r t h e 8K peak and ;he 2 6~ peak a r e aboutone 1 2 3 order of magnitude smaller than those determined f o r the s e l f ' -i . n t e r s t i t i a 1 atoms i n e l e c t r o n i r r a d i a t e d M o from Huang-scattering experiments.
The present e l a s t i c a f t e r e f f e c t s t u d i e s on e l e c t r o n i r r a d i a t e d M o were i n i t i a t e d i n order t o f i n d out whether d i f f e r e n c e s i n t h e damage p a t t e r n a f t e r f a s t neutron and e l e c t r o n i r r a d i a t i o n could account f o r t h e s e discrepancies and whether i n elect r o n i r r a d i a t e d M o a process Cue t o t h e sixultaneous migration and r e o r i e n t a t i o n jump of t h e 1 1 00> dumbbell would occur.
Experiment.-The e l a s t i c a f t e r e f f e c t measurements (Em) were c a r r i e d out on s i n g l e c r y s t a l l i n e c y l i n d r i c a l specimen i n a t o r s i o n a l pendulum, Two d i f f e r e n t l y o r i e n t e d s o r t s of specimen were used, with t h e cubic <ill> a x i s and t h e <110> a x i s along t h e t o r s i o n axis of t h e sample, r e s p e c t i v e l y . The angular displacements were measured -8 with a l a s e r interferometer system with a r e s o l u t i o n of 6$ = 10 r a d . Results.-The r e s u l t s a r e shown i n condensed form i n f i g . 1 . The upper p a r t ( l a )
shows t h e schematic r e l a x a t i o n spectrum, where t h e r e l a x a t i o n s t r e n g t h s i s p l o t t e d versus t h e measuring temperature f o r a <llO>-oriented sample. Four d i f f e r e n t r el a x a t i o n processes have been i d e n t i f i e d i n a narrow temperature regime between 22K
and 28K a f t e r t h e e l e c t r o n i r r a d i a t i o n a t 300 ppm defect concentration. They a r e indicated by t h e 4 b a r s i n f i g . l a , whose p o s i t i o n i s a t temperatures where t h e r e l a x a t i o n time r = 100s and whose h e i g h t s a r e given by t h e observed r e l a x a t i o n s t r e n g t h s . The o r i e n t a t i o n dependence i n d i c a t e s a <110> orthorhombic defect s t r u ct u r e f o r processes 2 and 3 , and a < loo>-tetragonal s t r u c t u r e f o r processes 1 and 4.
The a c t i v a t i o n energies and preexponential f a c t o r s a r e i n a range expected f o r jump processes of s e l f -i n t e r s t i t i a l s .
MO (110)
The next f i g u r e , f i g . l b , shows
t h e annealing of t h e e l e c t r i c a l re-
s t i v i t y during t h e isochronal
measurdng temperature T I K I tempering treatment. The d i f f e r e n t i a l -curve, which shows t h e annealing s t a g e s more c l e a r l y , has been taken
from r e f . / 4 / because of i t s b e t t e r 1 p r e c i s i o n than t h e present one.
C F i n a l l y , t h e four lowest curves f i g . lc-f show t h e behaviour of t h e 4 peaks during t h e annealing t r e a t -
discussion given i n t h e introduction F i g . l a : Schematic view of t h e mechanical r e l a x a t i o n spectrum a t r = 100s f o r e l e ct r o n i r r a d i a t e d Mo. AG i s t h e maximum r e l a x a t i o n s t r e n g t h obtained during a 10 min isochronal annealing treatment. No processes below 2OK and between 50K and 5OOK occur.
ment. In respect t o t h e p o i n t s under
Pig. l b : Recovery of t h e r e s i d u a l e l e c t r i c a l r e s i s t i v i t y ( l e f t s c a l e ) and d i ff e r e n t i a l recovery curve ( r i g h t s c a l e ) taken from r e f . /4/ 2 . ) None o f t h e f o u r peaks d i s a p p e a r s i n a unique a n n e a l i n g s t a g e . Such a s t a g e would i n d i c e t e t h a t t h e d e f e c t r e s p o n s i b l e f o r t h i s p r o c e s s m i g r a t e s o r d i s s oc i a t e s i t s e l f a t t h a t temperature. A p p r e n t l y a l l 4 peaks a r e decreased p a rt i a l l y by t h e d e f e c t s r e s p o n s i b l e f o r t h e r e s i s t i v i t y recovery peak a t 28K, and t h e i r f i n a l decay i s c o r r e l a t e d with t h e recovery o c c u r i n g between 35K and 42K.
2.) I n o r d e r t o compare t h e r e l a x a t i o n -s t r e n g t h s with t h o s e expected from t h e shape parameters observed i n t h e Huang-scattering measurements, t h e sum o f t h e r e l a x at i o n s t r e n g t h s of a l l 4 p r o c e s s e s i s c a l c u l a t e d and normalized t o t h e i n i t i a l .
Frenkel-pair c o n c e n t r a t i o n . The corresponding q u a n t i t y can b e ca1cu:ated from t h e Huang-scattering r e s u l t s / 3 , 5 / . Both a r e given i n t a b l e 1 f o r comparison, t o g e t h e r with t h e corresponding d a t a from t h e neutron i r r a d i a t e d M o / I / .
p r e s e n t a r e t h e p a r t i a l . r e l a x a t i o n s t r e n g t h s f o r < l o o > -and <1102-shear deformation, r e s p e c t i v e l y . C i s t h e t o t a l d e f e c t c o n c e n t r a t i o n .
Discussion.-1.) There i s a c l e a r d i f f e r e n c e between t h e EAE-spectra o f e l e c t r o n arid f a s t neutron i r r a d i a t e d Mo: The 8K peak i s m i s s i n g i n t h e e l e c t r o n i r r a d i a t e d
Mo, and i n s t e a d o f one unique peak a t 2 6~ a spectrum of f o u r s i m i l a r l y l a r g e peaks i s fo.md around 2 6~. Because of t h e m i s s i n g 8K peak t h e p r e s e n t measurernents a r e n o t c o n s i s t e n t with t h e i n t e r p r e t a t i o n of t h i s peak i n terms o f a r e o r i e n t a t i o n p r o c e s s of' s i n g l e <110-. dumbbells a s proposed by Mizubayashi / I / . I r r e s p e c t i v e of' q u e s t i o n whethcr t h e r e o r i e n t a t i o n of t h e 1110> dumbbell o c c u r s w i t h o r without i t s simultaneous m i g r a t i o n , i f one of t h e p r o c e s s e s could b e a t t r ib u t e d t o t h e r e o r i e n t a t i o n of t h e <110> dumbbell, it should a n n e a l i n a s t a g e l i k e manner a t t h e temperature where t h e dumbbell m i g r a t e s . T h i s h a s n o t been observed.
The 6K and 2 6~-p e a k i n t h e n -i r r a d i a t e d Mo a s w e l l a s t h e p r e s e n t 4 peaks anneal a l l i n a wide temperature regime and n o t i n a unique s t a g e .
. ) The shape parameters a s determined by t h e Xuang-scattering measurements a r e al-most one o r d e r o f magnitude l a r g e r t h a n t h o s e determined from t h e p r e s e n t EAEmeasurements, d e s p i t e t h e f a c t t h a t b o t h measurements were made a f t e r e l e c t r o n i r r ad i a t i o n of almost i d e n t i c a l c o n d i t i o n s . T h i s can only mean t h a t t h e dominant d e f e c t s seen i n t h e Huang s c a t t e r i n g measurements a r e n o t o r a t most a minor f r a c t i o n of them seen i n t h e EAE-experiments.
Both p o i n t s , t h e missing unique a n n e a l i n g s t a g e o f a r e l a x a t i o n p r o c e s s and t h e small r e l a x a t i o n s t r e n g t h a s compared t o t h e Huang s c a t t e r i n g experiments l e a d t o t h e c o n c l u s i o n , t h a t the r e o r i e n t a t i o n o f t h e <IlO>-dumbbells i n M o is n o t observed by EAE-measurements. I n s p i t e o f che l a c k of a s u i t a b l e jump p r o c e s s we have reexamined t h e b a s i c , c h a r a c t e r i s t i c resonant v i b r a t i o n s which t h e <IlO>-dumbbell may perform. As shown i n f i g . 3 t h e r e i s one t r a n s l a t i o n a l resonant mode, which g i v e s r i s e t o t h e t r a n s l a t i o n a l jump, and t h e r e a r e two l i b r a t i o n a l modes. A d i f f e r e n t k i n d of jump whereby a m i g r a t i o n without r e o r i e nt a t i o n o f t h e dumbbell can occur may r e s u l t from t h e s t i m u l a t i o n of t h e l i b r a t i o n a l I mode. The p r e s e n t l y proposed new jump model explains a l s o t h e unusualbehaviour of r e s i s t i v i t y annealing observed i n M o i n s t a g e I /12/ and of trapping of s e l fi n t e r s t i t i a l atoms a t ~e~-'-~813bauer atoms 1131 on t h e b a s i s of t h e two dimensional migration. Therefore these observations a r e another support of t h e present jump model.
Conclusion.-The comparison of EAE experiments on neutron i r r a d i a t e d M o / I / and of t h e present ones on e l e c t r o n i r r a d i a t e d M o with Huang-scattering measurements on e l e c t r o n i r r a d i a t e d M o /3/ l e a d s t o the conclusion, t h a t t h e <IlO>-dumbbell s e l f -i n t e r s t i t i a l atom i n M o does not r e o r i e n t before o r during i t s migration. This observation i s explained by a model of a jump process which l e a d s t o a two dimens i o n a l migration of <llO>-dumbbells i n {llO>-planes without r e o r i e n t a t i o n .
